The progress of adaptive changes in the left colon after diverting colostomy was studied in rats using stereological techniques. Standardised segments of left colon proximal and distal to the colostomy was examined after 0, 1, 2, 4, or 12 weeks. In excluded colon the mucosal weight was reduced by 37% (p<0-01) and the luminal surface area by 47% (p<0.01) after four weeks and reached a steady state at this point of time, as no further reduction was seen from 4 to 12 weeks. The number of proliferating crypt cells was determined immunohistochemically after in vivo labelling with bromodeoxyuridine and was compared with the total number of colonocytes. Total bowel rest leads to a reduction in the number of proliferating epithelial cells and not to a reduced average life span. The weight of the muscularis propria decreased by 32% after four weeks (p<0.01) and by 48% after 12 weeks (p<0.001), whereas the weight of the submucosa was unchanged. No adaptive changes were found in segments proximal to the colostomy. These results show that the wall composition of defunctioned colon in rats is radically changed resulting from a mucosal and muscular atrophy, and from a reduction in luminal surface area. (Gut 1994; 35: 1275-1281 Multistage procedures that include a temporary colostomy have become the standard approach in the surgical treatment of many emergency and some elective colonic conditions. Although the performance of a colostomy later followed by colostomy closure is regarded as a safe procedure, the latter is still associated with a significant rate of morbidity and mortality.1 2 The complications include anastomotic leak, faecal fistula, and anastomotic obstruction.3 When the faecal stream is surgically divided, the luminal environment and the mechanical stimulation of the colon is radically changed. Although complications after colostomy closure may be related to trophic changes in the defunctioned bowel wall only few studies have been performed to characterise the overall colonic response to surgical defunctioning.
In excluded colon the mucosal weight was reduced by 37% (p<0-01) and the luminal surface area by 47% (p<0.01) after four weeks and reached a steady state at this point of time, as no further reduction was seen from 4 to 12 weeks. The number of proliferating crypt cells was determined immunohistochemically after in vivo labelling with bromodeoxyuridine and was compared with the total number of colonocytes. Total bowel rest leads to a reduction in the number of proliferating epithelial cells and not to a reduced average life span. The weight of the muscularis propria decreased by 32% after four weeks (p<0.01) and by 48% after 12 weeks (p<0.001), whereas the weight of the submucosa was unchanged. No adaptive changes were found in segments proximal to the colostomy. These results show that the wall composition of defunctioned colon in rats is radically changed resulting from a mucosal and muscular atrophy, and from a reduction in luminal surface area. (Gut 1994; 35: [1275] [1276] [1277] [1278] [1279] [1280] [1281] Multistage procedures that include a temporary colostomy have become the standard approach in the surgical treatment of many emergency and some elective colonic conditions. Although the performance of a colostomy later followed by colostomy closure is regarded as a safe procedure, the latter is still associated with a significant rate of morbidity and mortality.1 2 The complications include anastomotic leak, faecal fistula, and anastomotic obstruction.3 When the faecal stream is surgically divided, the luminal environment and the mechanical stimulation of the colon is radically changed. Although complications after colostomy closure may be related to trophic changes in the defunctioned bowel wall only few studies have been performed to characterise the overall colonic response to surgical defunctioning.
Luminal bulk is considered to be important for normal mucosal growth in the entire gastrointestinal tract. Profound mucosal hypoplasia has been found in biopsy specimens taken from the defunctioned rectum in humans,4 and in rat colon reductions in the mucosal cell proliferation and mucosal mass have been shown after total parenteral nutrition,5 fasting,6 and faecal diversion.7-9 The morphometric information in these studies was, however, obtained mainly from isolated crypts, and consequently they did not Time (wk) Figure 6 : Weight of the mucosa of distal colon segments at 0, 1, 2, 4, and 12 weeks after colostomy (0) and sham operation (0).
with controls (Fig 6) . The atrophy of mucosa in the excluded colon was related to atrophy of all mucosal layers (Table II) : there was a 41% decrease in the weight of the epithelium after four weeks (p<O0OO1) and a 48% decrease after 12 weeks (p<0 001) when compared with controls. The lamina propria weight decreased by 23% after two weeks (p<005), by 35% after four weeks (p<OOl), and by 18% after 12 weeks (p<005), and the weight of the muscularis mucosae in defunctioned colon was 34% less after one week (p<0 05), 35% less after four weeks (p<005), and 34% less after 12 weeks (p<0 05) compared with controls. Faecal diversion did not cause any changes in the weight of the submucosa (Fig 7) . The muscularis propria of the excluded segments, however, was reduced by 17% after one week (p<005, CL 1 to 24 mg), by 32% after four weeks (p<0.0l, CL 12 to 38 mg), and by 48% after 12 weeks (p<O.Ol, CL 29 to 55 mg) when compared with controls (Fig 8) .
Luminal surface area As Figure 9 shows, the total luminal surface area in the diverted group was reduced by 17% after one week (p=01 1, CL -0 4 to 2.7 cm2), by 24% after two weeks (p<0 05, CL 0.2 to 3.9 cm2), and by 47% after four weeks (p<O.Ol, CL 19 to 4.8 cm2) when compared with sham operated controls. No further reduction was seen from 4 to 12 weeks, at which time the difference in luminal surface area between the groups was 46% (p<0.001, CL 1.7 to 4*4 cm2).
Labelling index
The results obtained through unbiased profile counting are interpreted as applying to real epithelial cells. This is done under the assumption that there was no significant difference in the size or shape of labelled and unlabelled cells (Fig 4) . As Figure 10 shows there were no significant differences between the labelling index of colostomy groups and control groups at any point during the observation period.
COLONIC SEGMENTS PROXIMAL TO THE COLOSTOMY
There was an increase of about 50 mg in the wet weight of the proximal colonic segments of normal colon during the observation period. There was a comparative increase in the wet weight of the diverted groups compared with normal colon, but more than 30% after faecal diversion in four weeks, and the total surface area covered by mucosal epithelium in these segments were reduced by 50% when compared with the same intact segments of sham operated rats after four weeks. Reduction in the weight of the mucosal layer of excluded rat colon has previously been described, 8 18 and the present data on reductions in surface area are in accordance with studies by Rijke et al and Delveaux et al showing that the number of cells per crypt decreased and that the crypt height was reduced after faecal diversion.7 9 We found that atrophy of the mucosal layer was significant as early as two weeks after faecal diversion. These changes continued until four weeks after surgery, at which time both the mucosal weight and the surface area reached a 'steady state', as no further atrophy was detectable during the following eight weeks. Apparently the mucosal atrophy takes place mainly in the early weeks after colostomy. The epithelium undergoes a major atrophy after faecal diversion in more than two weeks. It has previously been shown that similar changes are associated with a reduction in epithelial cell number rather than epithelial cell size.8 We found no quantitative difference, however, in the epithelial cell labelling index (proliferating cells per total epithelial cells) between colostomy and control groups. These findings suggest that the decrease in epithelial cellularity is caused by a reduction in the total number of cells undergoing proliferative activity without changes in the average life span of epithelial cells, and this decrease in the number of proliferating cells leads to a decline in the luminal surface area. Conflicting reports exist in other studies using labelling index determination for measurement of epithelial proliferation of excluded large bowel mucosa. Some results are in accordance with this study,9 whereas others have shown a fall in the labelling index five days and three weeks after surgery.7 In this last study, however, the proliferative investigations were confined to restricted areas of each crypt. Furthermore, the quantification methods used in both studies were based on selected crypt specimens instead of uniformly sampled mucosal specimens.7 9 Stereological methods make it possible to obtain information about three dimensional structures based on findings made on two dimensional sections. For this information to be unbiased certain requirements must be fulfilled about the sections and the way they are prepared.'0 In this study colonic specimens were sampled uniformly from the marked segment, and sections used for quantification were chosen at random. After these requirements were fulfilled, the information obtained from the histological sections were applicable on the marked segments of distal colon in rats. Previous experimental studies on defunctioned large bowel are based on findings made on a limited number of particularly selected crypts.7 9 19 As uniform sampling was not used the results may consequently be biased. Furthermore, when the proliferative activity of selected crypts is calculated, these results can n.. Time (wk) Figure 10 : The labelling index of distal colon segments at 0, 1, 2, 4, and 12 weeks after colostomy (@) and sham operation (0) (*=outliers).
only be applied to the overall colonic mucosa if it is assumed, that the number of mucosal crypts remains unchanged after faecal diversion. There are no available results that, however, support this assumption, and the appearance of the colonic mucosa after 12 weeks of defunctioning (Fig 2) The weight in mg of each colonic layer was calculated by multiplying the volume fraction of each layer with the reference weight, which was the wet weight of the colonic segments. The volume fractions of the mucosa and the muscularis propria were not dramatically changed during the 12 weeks of defunctioning (Table I) , and the weight reductions in these layers followed the reduction in wet weight of the defunctioned segments. This illustrates that the volume fraction is a halfway result, which generally does not permit conclusions to be made about changes in the absolute amount of the structure under study, and it underlines the significance of reliable and standardised reference volumes or weights when using these stereological methods.
Intestinal growth is regulated by general and local growth factors in combination. 23 In the colon of humans and rats, the short chain fatty acids derived from bacterial fermentation of luminal carbohydrate play a vital part in the colonic growth regulation,24 but the tissue is also considered to be affected by systemic factors like gastrin, enteroglucagon, epidermal growth factor, and several metabolic hormones. 23 25 The degeneration of a diverted bowel is associated with a prolonged deprivation of such luminal and systemic growth factors. 26 In this study we aimed to quantify experimentally the changes of the entire distal colonic wall rather than investigating the effect of specific substances on the atrophic process. A proper quantification of the atrophic changes seen in colon after faecal diversion does, however, provide a valuable basis for future studies using short chain fatty acid installation or systemic treatment with potentially growth stimulating substances.
In conclusion, interruption of normal anatomical continuity by a diverting colostomy entails fundamental changes in the intraluminal conditions and the biomechanical requirements of the large intestine. The presented data show radical morphological changes related to the mucosa and the muscular layers of the bowel wall after defunctioning the left colon.
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